ABSTRACT. Nest polymerase chain reaction (PCR), in situ hybridization (ISH), in situ PCR, in situ PCR/hybridization (PCR-ISH) and in situ nest PCR were compared for the detection and localization of intracellular viral DNAs in paraffin sections. MDBK cells were infected with alcelapine herpesvirus 1 ranging from 10 1 to 10 5 50% tissue culture infected doses (TCID 50 ), incubated 18 hr, then fixed and processed into paraffin blocks. Sections of the cell preparation were subjected to nest PCR, ISH, in situ PCR, PCR-ISH and in situ nest PCR using specific oligonucleotide primers or probes directed against the viral open reading frame 50. In situ nest PCR and nest PCR were found to be capable of detecting the viral DNA in the cells infected with the lowest virus titer. As compared with other molecular biological methods for the detection of the virus, in situ nest PCR was found to be more sensitive than ISH, in situ PCR and PCR-ISH. In situ nest PCR has wide applications for sensitive localization of low copy viral sequences within cells to investigate the role of viruses in a variety of clinical conditions. KEY WORDS: in situ hybridization, in situ PCR, in situ PCR/hybridization, in situ nest PCR.
The recent development of molecular diagnostic assays has provided powerful tools for investigating how viruses survive in nature. Development of polymerase chain reaction (PCR) specfic for viruses has dramatically imporoved the accuracy of diagnosis of viruses in clinically infected animals. Furthermore, amplification of viral genomic material by nest PCR represents the most sensitive method for the detection of viruses and might be detected successfully even though very low viral DNA copies. However, the cell sample is destroyed in the extraction process and consequently it is impossible to know which specific cells in a mixed cell suspension were infected [12] . Identification of viral target cells is very important for the study of viral pathogenesis and the development of in vitro viral propagation system. It relies upon a method that can visualize the source of the virus infection. Molecular hybridization techniques are espeically well suited for study of the pahtogenesis of viral disease. In situ hybridization (ISH) is the specific annealing of labeled DNA probes complementary to the target sequence in fixed tissue or cells. Followed by visualization of the probe location. However, it does not involve amplification of the target sequence and therefore is not as sensitive as PCR. This method has been reported that low copies of the target sequence per cell is the limit for the detection by ISH [10] . Therefore, the ISH technique becomes insensitive in case of occult or latent viral infections. In situ PCR is a relatively new technique that amplifies a target sequence within cells that can be visualized microscopically with increased sensitivity compared to detection by ISH [1, 11] . However, some times, we need to use more sensitive methods for the detection of latent viruses that have very low copies. Alcelapine herpesvirus 1 (AHV) is a gamma herpesvirus, which induces frequent latent and often difficult to detect its antigens or specific nucleic acids because of its low genomic copies in the infected tissues. Presently, only ISH study was reported for the detection of AHV DNA in tissues [3, 9] . However, in case of other viral studies, ISH was less sensitive than in situ PCR [7, 10] . So, now, more sensitive methods have been required for the research of its pathogenesis and the detection of latent infection. The aim of this study was to develop a sensitive and specific means for the detection and localization of intracellular viral DNAs and evaluate its sensitivity as compared with other detection methods of intacelluar viral DNAs in paraffin sections. AHV infected MDBK cell preparation was devised as a tissue model for further work involving formalin-fixed, paraffin embedded tissues that are used routinely in the field of pathology.
MATERIALS AND METHODS

Preparation of infected cells:
Bovine epithelial kidney cell line MDBK (ATCC CCL-22) were seeded in 25 cm 2 culture flasks with 5 ml Dulbecco's modified Eagle's medium which contained with 10% fetal bovine serum, 100 µg/ml gentamicin and 350 µg/ml L-glutamine and incubated for 48 hr at 37°C. Then, the culture media was decanted and replaced with 1 ml medium containing cell lysate of AHV strain C500 at amounts equivalent to between 10 1 and 10 5 TCID 50 . Uninfected control cells received 1 ml medium alone. The flasks were kept for 2 hr at room temperature to afford cell adaptation of virus. To each flask was added 4 ml of medium and the cells were incubated at 37°C for 18 hr. Cells were harvested by trypsin treatment, resuspended in 3 ml of 10% neutral buffered formalin and was fixed for 24 hr. Fixed cells were centrifuged at 1,000 rpm for 5 min and the pellet was resuspended in 1 ml 2% liquid agarose at 65°C. Then, the reaction tube was centrifuged for 5 min at 1,000 rpm to concentrate the cells in the agar and the agarcell pellet was solidified at 4°C for at least 1 hr. The agar cone was carefully taken out of the tube and embedded in paraffin using an automated tissue processor under standard conditions for surgical biopsies. Nest PCR: Five 8 µm thick sections were cut from each block, using a new disposable microtome blade for each block and placed in a 1.5 ml tube. The sections were deparaffinnized twice with 0.5 ml of xylene, washed with absolute ethanol and then dried in a vacuum oven at room temperature. The desiccated samples were suspended in a lysis buffer (50 mM Tris-HCl pH 8.5, 1 mM ethylenediaminetetraacetic acid, 2.8% sodium dodecylsulfate, and 1 mg/ml proteinase K), incubated at 37°C. DNA was purified from sample lysates by standard phenol/chlorform extraction and ethanol precipitation [8] . Purified DNA was then dissolved in water and quantified by OD 260 .
PCR amplification specific for AHV was performed by using a set of primers derived from the sequence of AHV open reading frame (ORF) 50, a region of the AHV genome reported to be associated with virulence for rabbits [4] . For the AHV specific PCR, primers C500-1 and C500-2 (Table  1) were used for the primary amplification, and primers C500-3 and C500-4 (Table 1) were used for the secondary amplification. The PCR amplification conditions were as described previously [6] , with minor modifications. In the primary reaction, 2 µg of purified DNA was subjected to thermocycling in a 100 µl reaction mixture. The reaction mixture contained 10 mM Tris HCl (pH 8.0), 50 mM KCl, 2 mM MgCl 2 , 400 mM dNTPs (Roche, Indianapolis, IN, U.S.A.), 40 pmol of each primer and 5 U of Taq DNA Polymerase (Roche). Thermal cycling conditions were 5 min at 94°C, followed by 45 cycles of 94°C (30 Sec), 55°C (1 min) and 72°C (1 min), followed by 7 min extension at 72°C. In the secondary reaction, 10 µl of the primary reaction product was amplified with C500-3 and C500-4 primers under the same conditions as in the primary reaction. Ten microliters of the amplified PCR products from the final reaction was analyzed by 2% agarose gel electrophoresis and stained with ethidium bromide for product visualization.
In situ hybridization: A 273-bp region DNA fragment from ORF 50 was used as a probe. The PCR was carried out as described previously [6] . The PCR products were purified with Wizard PCR Preps (Promega Biotech, Madison, WI, U.S.A.) and labeled by random priming with digoxigenin-dUTP with a commercial kit (Boehringer Mannheim, Indianapolis, IN, U.S.A.) according to the manufacturer's instructions. ISH was carried out as described previously [5] .
In situ PCR: Cell sections were prepared on silane-coated slides and pretreated in the same manner as ISH. After deparaffinization and treatment for 20 min at 37°C with 40 µg/ml proteinase K (Roche), the sections were post-fixed for 10 min at room temperature with 4% paraformaldehyde and then washed with PBS and DEPC-treated dH 2 O and covered with 30 µl amplification mixture which contained 4.5 mM MgCl 2 , 10 µM digoxigenin-11dUTP (Roche), 190 µM dTTP, 200 µM dATP, dGTP, and dCTP, 1× PCR buffer, 1 µM of each primer C500-3 and C500-4, 1× self Seal reagent (MJ Research, Waltham, MA, U.S.A.), 0.1% BSA, 5 U Ampli Taq Gold (Roche). They were covered with sterile cover slip and placed in the in situ PCR Thermal Cycler (Gene Amp In Situ PCR System 1,000, PerkinElmer, Foster, CA, U.S.A.). The thermal cycling program consisted of 94°C × 5 min, followed by 30 cycles of 94°C × 30 sec and combined annealing and extension step at 55°C × 90 sec. After in situ gene amplification, immunologic detection of digoxigenin-labeled DNAs was carried out in the same manner as ISH.
In situ PCR/hybridization: The first step of in situ PCR/ hybridization (PCR-ISH) consisted in viral sequence amplification according to the technique described as in situ PCR. The amplification mixture contained 4.5 mM MgCl 2 , 200 µM dNTPs, 1× PCR buffer, 1 µM of each primer C500-1 and C500-2, 1× self Seal reagent (MJ Research), 0.1% BSA, 5 U Ampli Taq Gold (Roche). After PCR amplification, the slides were immersed successively in 4× SSC and 2× SSC for about 15 min to drop the coverslip and washed in fresh 2× SSC. The second step consisted in hybridization overnight at 45°C with a mixture containing digoxigeninlabeled 273-bp ORF 50 region AHV genome as a probe. After hybridization, immunological detection was carried out according to the previous method.
In situ nest PCR: In situ nest PCR was consisted of two steps of gene amplification, which could be conducted with outer primers C500-1 and C500-2 for the primary amplification and inner primers C500-3 and C500-4 for the secondary amplification. In the primary reaction, amplification mixture contained 4.5 mM MgCl 2 , 200 µM NTPS, 1× PCR buffer, 1 µM of each primer C500-3 and C500-4, 1× self Seal reagent (MJ Research), 0.1% BSA, 5U Ampli Taq Gold (Roche). The thermal cycling program of the first and second reaction was same as in situ PCR. After first gene amplification, the slides washed with 2 × SSC buffer and DEPC-treated water. Thereafter, second reaction was conducted in the same manner as the gene amplification of in situ PCR. After in situ gene amplification, immunologic detection of digoxigenin-labeled DNAs was carried out as in the same manner as ISH.
RESULTS
Nest PCR: Nest PCR for AHV has only previously been performed on fresh samples [6] . In this study, AHV was detected five 8 µm-thick sections of MDBK cells infected with the virus in vitro down to the lowest virus inoculums of 10 1 TCID 50 (Fig. 1) . Nest PCR thus confirms the presence of virus and integrity of viral DNA in fixed paraffin-embedded cells at the lowest virus titer.
In situ hybridization: ISH of MDBK cells infected with 10 5 TCID 50 of virus resulted in strong positive signal in the nucleus and cytoplasm as distinct areas of dark brown signals in most cells. Cells infected with lower viral titers showed positive signal in correspondingly lower number of cells until 10 4 TCID 50 only one or few cells per section were visibly positive (Table 2) . MDBK cells infected with 10 3 TCID 50 of virus could not be found any positive signals (Fig. 2) .
In situ PCR: Using in situ PCR resulted in strong positive signal in MDBK cells infected with 10 5 TCID 50 AHV compared to uninfected control cells. In situ PCR on 10 3 TCID 50 AHV titers was found to detect positive signals in some of cells in these sections (Fig. 3) . Negative controls for in situ PCR were always incorporated on the same experiment as positive sections. Extensive experiments were carried out in order to establish the optimum conditions for in situ PCR. It was necessary to run parallel experiments so that a range of proteinase treatments could be tested, since this step appeared to be critical for the success of in situ PCR. The optimum magnesium concentration in the PCR mix was 4.5 mM. The number of cycles was lmited to preseve cell morphogy.
In situ PCR/hybridization: Using outer primer sets carried out amplification of intracellular viral DNAs, and then amplicons were detected by using the digoxigenin-labeled probe. This technique resulted in more sensitive detection of intracellular AHV DNAs than ISH and in situ PCR (Table  2 ) and showed more decreased background staining in the cytoplasm of AHV uninfected cells as compared with in situ nest PCR (Fig. 4) .
In situ nest PCR: In situ nest PCR resulted in strong positive signal in MDBK cells infected with 10 5 TCID 50 . The color was present throughout the cell rather than distinct nucleic or cytoplasmic spots as observed with in situ hybridization and there was some leakage of signal to outside the cells in some experiments and increasing of background staining as compared with ISH. However, in situ nest PCR on lower AHV titers was found to detect strong signal in the majority of cells in these sections (Fig. 5) . The increased sensitivity of this technique is apparent when the positive signal in cells infected with lowest titer is an equivalent section that had undergone other in situ techniques (Table 2) .
DISCUSSION
The DNA-based detection provides a powerful technique of identifying viruses and studying homology between viral nucleic acids. Furthermore the explosive growth of PCR based diagnostics has led to the introduction of many different techniques that allow convenit detection of PCR products, especially nested PCR diagnostic methods. These produce nucleic acid frgments specific to the viruses studied that can be used for characterization and identification [12, 2] . It is more advantageous to use ISH to detect viral DNA in tissues or cells than to use histological staining or electron microscopy. Because ISH can accurately provide the precise location of viral DNA present in tissue sections or cells as a result of the highly specific interaction between the probe and the target sequence of viral DNA, they can provide information about the target cell types within a given organ or tissue. ISH has proved to be an invaluable molecular tool in research and diagnosis to visualize nucleic acids in their cellular environment. However, its applicability can be lim- ited by its restricted detection sensitivity. On the other hand, in situ amplification permits the histological localization of low-copy DNA and RNA targets. In this study, in situ PCR, PCR-ISH and in situ nest PCR were developed for the detection and localization of intracellular AHV DNAs with very low copies and applied to detect the ORF 50 gene of AHV in formalin-fixed, paraffinembedded sections. The sensitivity of these three techniques was compared and evaluated with two conventional methods-nest PCR and ISH. In situ nest PCR, PCR-ISH and in situ PCR found to be more sensitive than previous reported ISH technique. Using two steps of gene amplification, in situ nest PCR reveals a very sensitive technique to detect low-level virus infection that allows cell visualization. However, there may be increased background and some loss of morphology and diffusion of signal associated this method. Although PCR-ISH is less sensitive than in situ nest PCR, it is more sensitive than in situ PCR and less background than in situ nest PCR. In situ PCR is less sensitive than PCR-ISH, because it is performed only single ampfication of intracellular viral DNAs. ISH is less sensitive than other all gene amplification methods in this study. However, it can provide us better cell morphology than the other techniques. So, it could be used as the first choice for the detection of intracellular viral DNAs with high copies such as the status of lytic infection. Nested PCR and other four in situ gene detection methods are able to detect viral DNAs in formalin-fixed, paraffin-embedded tissues. These methods also offer the advantage of using routine formalinfixed, paraffin-embedded histologic specimens in retrospective study, obviating the need for frozen or fresh materials. The development of such techniques is most pertinent since formalin fixation of tissues allows veterinary practitioners to ship tissue samples for viral identification in a well-preserved, noninfectious state. In contrast to nest PCR, in situ gene amplification methods provide cellular detail and histological architecture making it possible to study very low copies of virus infected cells and lesions in the same section with more confidence.
In conclusion, a sensitive and reproducible method was established for the detection of AHV DNA in formalinfixed, paraffin-embedded tissues. The optimized protocols allow us to know the distribution of latent viruses in tissues and extend molecular analyses to even smaller amounts of archival tissue, such as microdissected samples.
